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157} ABSTRACT

A cooling system for the parallel rings of an electrical
generator. The system includes a coolant supply tank,
supply and return lines, and a plurality of paralilel, tubu-
lar ligquid cooled conductor rings for conducting cur-
rent generated in the stator windings of an electrical
generator. Each ring has a coolant inlet, a coolant out-
let, a central coolant passage and an adjustable flow
controller which is selectively positionable so that its
end portion lies inside the temperature coolant passage
in the parallel rings to restrict the coolant flow for con-
trol purposes.

6 Claims, 3 Drawing Sheets
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ELECTRICAL GENERATOR WITH IMPROVED
LIQUID COOLING ARRANGEMENT

The present invention reiates generally to liquid cool-
ing for electrical generators, and more particularly, to
an apparatus and method for controlling the flow of
liquid coolant within the so-called parallel rings of large
electrical generators.

. Temperature control is a vital aspect of many impor-

tant industrial operatitons. In particular, large electrical
generators, such as those generating electrical energy
for public utilities and the like, are designed for the most
efficient generation of electrical energy under a variety
of load conditions. As with any mechanical process,
heat is a by-product of electrical generation, and where
enormous currents are generated for supply to extensive
electrical distribution networks, the subject of tempera-
ture control is of vital importance. It is now customary
for electrical generators to include water cooling cir-
cuits which are arranged so as to control the tempera-
ture rise of at least some parts of these large generators
during operation.

For example, in a typical utility generator driven by
a steam turbine and having an external exciter, it 1s
customary for the generator to include a cooling system
having supply and collection manifolds which supply
liquid coolant for circulation in intimate heat exchange
relation with the coils embedded in the stator of the
-generator. Coolant is circulated from supply tank via
appropriate pumps and valves through such cooling
circuit; coolant flow may be controlled in response to
the temperature of the stator and its surrounding ele-
ments. As the load imposed on the generator increases
or decreases, counterpart changes in the coolant flow
rate are made so that the stator temperature is main-
tained within allowable limits.

Large electrical also have a requirement for cooling
of the so-called parallel rings, that is, large electrically
conductive rings typically situated at one of the stator
and serving to collect the current from the phase leads
or winding ends of the various stator windings. Many
large generators include six such parallel rings, ar-
ranged in pairs which are connected to respective ends
of one electrical phase of the generator; other genera-
tors may utilize a different number of rings, depending
on the design. Hence, in a typical three phase generator,
six windings are arranged such that two are in electri-
cally conductive relation to.the various windings con-
stituting one electrical phase, two other rings are associ-
ated with the windings of the second phase, and so on.
Since these parallel rings collect the current supplied to
the lead bushings and ultimately to the distribution
network, proper cooling of the parallel rings is critical
to continued performance of the generator in a trouble-
free manner.

While provision is now customarily for liquid cooling
‘of the parallel rings, usually by withdrawing water from
the manifold which directs coolant to the winding in the
stator, parallel ring cooling in prior generators has been
known to fail, with the result that extreme damage to
the genterator and/or distribution network results.
Analysis of one such failure indicated that while per-
haps an adequate supply of coolant was availble for
cooling the parallel rings, the circulation within each of
the individual parallel rings was not adequate, that is,
there was improper flow distribution within the individ-
ual parallel rings.

S

10

15

20

23

30

33

45

50

33

65

2

At present, it is the practice supply coolant to the
parallel rings in a more or less uncontrolled manner by
drawing liquid from the manifoid supplying the hoses
which cool the stator.

According to the invention, a simple and effective
cooling system is provided wherein accurate controi of
coolant flow within the individual rings may be
achieved and maintained.

Further in accordance with the invention, adjustment
of the flow rates within the individual rings may be
made during a test, at which time flow through the rings
may be “fine tune” for achieving a proper design or
specification temperature; this may be determined by
instrumentation, such as with an ultrasonic type flow
rate meter, or by other form of observatiton during this
phase. Thereafter, when the desired coolant flow 1s
achieved in each of the rings, the means controlling
coolant flow may be permanantly sealed and locked
into position to insure continued performance on a satis-
factory basis.

In view of the shortcoming of the prior art, it is an
object of the invention to provide an improved coolant
flow control system for electrical generators.

Another object of the invention is to provide a
method for controlling the flow of liquid among the
various individual rings comprising an array parallel
rings used to carry electrical current from the stator
windings of a generator to the lead bushing of such
generator. |

Another object of the invention is to provide a flow
control system for the parallel rings of an electrical
generator wherein one or more of the rings may be
drilled and tapped to receive a simple flow control
element having an end portion positioned within the
coolant passage of the individual parallel ring and re-
tained in such postion by cooperating threadss or like
means formed in the ring sidewall.

Another onject of the invention 1s to provide a meth-
hod of controlling the flow of coolant within parallel .
rings so that an array of rings may be cause to flow
substantially equal amounts of coolant under given con-
ditions, the method including the steps of drilling and
tapping the parallel rings in at least one area thereof and
inserting threaded fasteners having an end portion ex-
tending into the passage, and positioning each element
until its associated passage is obstructed sufficiently to
gain the desired overall balance of coolant flow in the
rings as a group, and thereafter sealing and locking the
control element in place, removing any protruding por-
tion which may lie substantially outside the outer sur-
face of the cooling ring sidewall.

A further object is to provide a coolant flow controi
system using readily available materials and methods so
that the system may be assembled and maintained at
very low cost.

The foregoing and other objects and advantages of
the invention are achieved in pratice by providing a
cooling system for an electrical generator which in-
clude a coolant supply tank and supply and return lines
a coolant distribution manifold and a collection mani-
fold, and a coolant circulating pump, with each parallel
ring having an inlet, an outlet and at least one flow
control element; the element being adapted for insertion
through the sidewalls of each of the parailel'rings, with
the flow control used positioned to control flow is the
coolant passages forming the interior of the rings. The
method includes positioning and thereafter securing the
flow control into in a desired position of use to prevent
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further movement and sealing them against rleakage.
The invention is also carried into practice by a method
which includes the steps of drilling and tapping the

parallel rings, inserting and adjusting the flow control
units thereafter securing the units as indicated by cool-
ant flow to obtain an overall cooling balance.

The exact manner in which the invention is carried
into practice will become more clearly apparent when
reference is made to the following detailed description
of the preferred embodiment of the invention set forth
by way of example, and shown in the accompanying
drawings, wherein like reference numbers indicate cor-
responding parts throughout.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a schematic view of an electrical generator
showing the water cooling circuit for the parrallel
rings, and showing details of the coolant flow and tem-
perature control elements:;

FIG. 2 is a vertical sectional view, with portions
broken away, showing the mechanical details of a gen-
erator unit which includes the circuitry for the parallel
ring coolant which is arranged in accordance with the
invention:
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FIG. 3 1s a greatly enlarged vertical sectional view of 25

a portion of one of the parallel rings of the invention,
showing the inlet and outlet means for the coolant as
well as a flow control unit positioned with respect to
the cooling ring;

FIG. 4 is a vertical sectional view, taken along lines
4—4 of FIG. 3 and showing the distribution and collec-
tion headers for the coolant which 1s furnished to the
parallel rings, and showing the individual rings with a
flow controller in each of the rings; and

FIG. 5-11 are vertical sectional views; on an en-
larged scale, and partly diagramatic in nature, illustrat-
ing the various steps involved in installing and position-
ing the flow control units of the invention.

DESCRIPTION OF THE PREFERRED
EMBODIMENTS OF THE INVENTION

While 1t will be understood that the invention has
applications other than those described in detail, a pre-
ferred form of the invention will be sshown wherein the
generator includes six parallel rings, and wherein the
coolant supplied to an collected from the rings is with-
drawn from the same manifold which is used for coo-
linng the stator windings of the generator, with such
coolant being withdrawn from the coolant supply mani-
fold and directed to the coolant collection mainfold
after being passed through one more lead bushings.

Referring now to the drawing in greater detail. FIG.
1, which is schematic in nature, shows the invention to
be embodiment in a liquid cooling arrangement gener-
ally designated 10 for controlling the temperature rise
within an electrical generator assembly generally desig-
nated 12 and shown to include an outer housing 14 in
which are disposed a stator assembly, shown in phan-
tom lines and generally designated 16, and a rotatable
armature unit generally designated 18. The exact con-
- structional details of the generator itself are referred to
elswhere herein. |

Referring again to FIG. 1, it is shown that the cooling
arrangement 10 includes a liquid coolant supply tank 20
to which 1s attached a coolant supply line 22 and which
1s fed by coolant. return line 24. The cooling arrange-
ment further includes means in the form of a pump 26
for circulating fluid from the coolant supply tank 20 to
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the portions of the generator to be cooled and back to
the tank, as will appear.
The cooling arrangement further includes as is cus-

tomary, a heat exchanger generally designated 28, and
shown to include a coolant coil 30 disposed within a
jacket 32 which surrounds the coil 30 and which re-
ceives heat exchange fluid from an appropriate supply,
such fluid typically passsing through the raw water inlet
34 and out the raw water outlet 36.

The cooling system 10 may further include a filter 38
and one more controls generally designated 40; these
controls 40 may be of a temperature responsive or other
known type of flow control and/or high temperature
detector. The cooling system is further shown to in-
clude a supply or coolant inlet manifold 42, and a col-
lection or coolant outlet manifold 44 disposed at the
other end of the generator 12. The coolant customarily
flows from the supply manifold 42 to the outlet mani-
fold 4 by way of a large plurality of coolant supply
hoses 46 which connect the manifold to numerous cool-
Ing passages (not shown in detail) lying within the core
of the stator 16. The coolant thus passes to the collec-
tion manifold 44 by way of coolant return hoses 48.
From here, water collected by the manifold 44 passes
through the return line 24 to the cool supply tank 20.

Referring now to the novel features of the invention,
it will be seen that the generator 12 also includes an
array of parallel rings generally designated 50 and lying
at one end of the stator 16. For purposes of illustratuion,
six such rings are shown in FIG. 1.

In a preferred form of the invention, the preferred
means for distributing coolant to the parallel rings com-
prises a ring coolant supply header 52 having its inlet in
communication with a portion of the coolant supply
manifold 42. Coolant passes from the header 52 into the
interior of the parallel rings 50 through a plurality of
stub lines 54. (FIGS. 3, 4). The coolant then passes
through the interiors of the individual coolant rings and
is collected, in a manner which will be further detailed,
in one or more ring coolant collection headers S5, 56.

From the collection headers 55, 56 coolant is supplied
by way of transfer lines 58 to water jacket 60 of lead
bushing 62. Coolant then passes through lead bushing
collection lines 64 which join the parallel ring coolant
return line 66 which in turn communicates with the
coolant collection manifold 44. The invention is con-
cerned primarily with control of coolant flow in the
individual parallel rings as well as within the array of
parallel rings as a whole.

Referring now FIG. 2, additional structural details of
a typical utility generator having a water cooler stator
and parallel rings 1s shown. Here additional features of
construction, which are not per se a part of the inven-
tion, are illustrated to provide additional background
for the invention. '

Referring now to FIG. 2, the generator is there
shown to include an exterior shroud generally desig-
nated 68, subdivided so as to contain plural cooling gas
passages 70 in communication with hydrogen-to-air
heat exchanger generally designated 72 and in turn
shown to include an inlet pipe 74 and an outlet pipe 76
for cooling air.

In the form shown, the generator is one with a com-
posite cooling system which includes a hydrogen gas
cooling system for the armature -and certain parts of the
stator, and which also includes the pair of liquid cooling
circuits referred to above, namely, one circuit for the
stator and winding and the other circuit for the parllel
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rings. The principal elements of the generator include
left and right hand end frames 78, 80 each having carrier
units 82, 84 for bearing assemblies 86, 88 which journal
the shaft end portions 90, 92 of the armature 18. Appro-
priate seals generally designated 94, 96 prevent leakage
of libricant and gaseous hydrogen respectively to the
inside and outside of the shroud 68. Impeiler vanes
generally designated 98 ensure continuous circulation
of the hydrogen through the air-to-hydrogen heat ex-
changer 72 along the path depicted by the arrows in
FIG. 2.

FIG. 2 also shows that the parallel rings S0 are posi-
tioned by carriers 100 in such a way that the rings 50 lie
in a cylindrical array just outside one axial end of the
stator 16, and in coaxial relation to the stator 16 and the
armature 18. The expression “parallel rings” 1s custom-
arily applied to current-carrying rings of this function
and arrangement. Electrical continuity is provided be-
tween the end portions 102 of each of the individual
windings 104 which lie in siots (not numbered) in the
stator assembly 16. FIG. 2 also shows that the coolant
tRansfer lines 58 extend to the jackets 60 surrounding
the lead bushings 62; the electrical connection to the
lead bushings 62 from the parallel rings S0 may be coax-
ial with the transfer lines §8. FIG. 2 further shows por-
tions of the liquid coolant lead bushing collection lines
64 which direct coolant to the collection manifold 44
and ultimately to the return line 24.

The coolant supply header 52 is shown to extend
outwardly from a part of the manifold 42 and to lie just
above the lowermost portion of the parallel rings 50.
The ring coolant collection header 56 lies therebeneath.

Preferably, the parallel ring cooling system is incor-
porated into the same cooling system which supplies
coolant to the stator; however, the distribution of cool-
ant both to and within the parallel rings is controlled so
as to insure proper individual and collective flow, as
will now be described.

Referring now to FIGS. 3 and 4, there is shown an
illustration of a part of a particular ring generally desig-
nated 106 positioned by a schematically shown holder
100 (FIG. 2). The ring 106 includes the stub line 54
extending from the ring coolant supply header 52. Here,
the liquid flows from the header 52 through the stub line
54 and into an interior passage 108 formed within the
parallel ring 106; the passage 108 is defined by a contin-
uous, relatively thick exterior sidewall 110. After flow-
ing in the direction shown by the arrows, and traversing
the entire extent of the particular parallel ring 106, cool-
ant passes into stub line forming a part of the collection
header 56, for example.

According to the invention, flow control means gen-
erally designated 112 are provided for insertion into the
Interior passage 108 of each of the rings 50. Referring to
FIG. 3, it will be noted that the flow controller 112
extends through the sidewall 110 and a given distance
into the interior passage 108 of the ring 106. This dis-
tance 1s determined experimentally when the generator
1s constructed and operated, or repaired and/or rebuilt.

According to the invention, each of the rings is pro-
vided with its own flow control unit 112 in the manner
illustrated in F1G. 4. Here, each flow controller 112 is
shown to extend into the interior to a different extent.
For this purpose, the.controller may include a slot 140
(FIG. 8) for engagement by a screwdriver.

A dnll bit 136 is shown forming an opening 138 in the
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sidewall 110 of a particular parallel ring 106. In FIG. 6, _

the bit 136 has finished piercing the sidewall to create

6

the opening therein and has withdrawn.. The opening
138 1s preferably a signficant percentage, such as at least
one-fourth of the diameter of the tube interior passage
108. After the drill 136 is withdrawn, the opening 138
thus formed is topped using a conventional tap 128
(FIG. 7). Thereafter, the flow controller generally des-
ignated 112 is threadedly inserted in position in the
sidewall 110 (FIG. 8).

Consequently, the flow restriction or control can be
achieved in each of the individual rings, as well as
within the array as a whole. In FIG. 4, the individual
rings are numbered 106 and 114; 116, 118, 120 and 122;
rings 106, 114 and 116 are associated with collection
header 55 by way of stub lines 124, 126 and 128, while
stub lines 130, 132 and 134 are associated with the col-
lection header 56.

Referring now to FIG. 5-11, the method of installing
and adjusting a typical flow control 112 is shown. First,
FI1G. 9 shows that and end portion 142 of the flow
controller 112 extends signficantly into the passage 108.
Assuming for the momnent that the position shown is
the desired position of this flow controller 112, whose
function is to impede flow of water within the parallel
ring 106, the controller 112 is locked and sealed in posi-
tion, as by flowing a bead of solder 144 along the coop-
erating threaded surfaces 146 on the controller 112 and
on the sidewall 110. If a measurable portion of the con-
trorller 112 extends above the outer surface of the ring
102, the outer end 148 may be cut away and discarded
(FIG. 11) so that the remaining end portion 150 is sub-
stanfially flush with the outer diameter 152 of the cool-
ing ring.

Referring now to FIGS. 3 and 4 on the one hand and
FIGS. 5-11 on the other hand, it will be appreciated
that the flow controllers are depicted as entering the
passage from the bottom in the lower numbered figures,
and from the top in the higher numbered figures. This is
done merely from convenience in 1iliustration, it being
understood that a particular angular aligment of the
control elements 1s nencessary to achieve the purposes
of the invention. The portions of the parallel rings
which are drilied and tapped for insertion of the con-
trollers depends on the overall construction of the gen-
erator and the situation of the parallel rings. The inser-
tion of this flow controller may be made wherever axis
1s easiest.

While not shown in detail, it is understood by those
skilled in the art that by appropriately instrumenting the
parallel rings themselves or the flow of water emerging
from them, a proper balance of coolant flow in the
parallel rings may be achieved. The amount of coolant
flow through the array of parallel rings as a whole may
be varied, as well as proportionate flow through the
individual parallel rings themselves, depending upon
the particular adjustment afforded to each ring. In the
illustrated embodiment, one flow control is shown as
being used in each ring, and this element is shown posi-
tioned near the point at which the stub line of the supply
header join the ring; however, it will be understood that
the flow controller may be inserted into the ring at any
point, and that two or more controllers may be used for
each ring of this should prove desirable. Of course, it
may be that only one or two controllers would need to
be inserted; in most cases, the ring or rings with lower
flow rates need not have a controller inserted, and the
flow in the other rings may be decreased, both to match

the flow rates and o increase flow in the less restricted
lines. |
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An important advantage of the present invention is
that the flow control system described may be retrofit-
ted to existing generators or may be supplied as a por-
tion of the coolant control system for newly manufac-
tured units. Experience in the field has shown that
whereas coolant flow might be relatively equal among
parallel rings when a unit is first manufactured and
installed, the flow rates in the individual rings may
degenerate for one reason or another and the present
invention provides an easy means of adjusting the flow
rate to conditions existing at the time adjustment 1s
necassary.

The flow rates and actual temperature of the coolant
may be measured from time to time and further adjust-
ment may be made as indicated by removing and replac-
ing the flow control units or simply melting the sealing
and locking solder, then readjusting and sealing the
control elements as necessary.

The advantages of the present invention may be
achieved without resort to highly skilled labor and the
cost is minimal. Needless to say, damage or destruction
of a generator involves exceptionally great expenses,
and even where there is a failure which may be repaired

at moderate cost, the expense and inconvenience of

downtime is very signficant. The present invention
provides a simple and economical way of ensuring long
term, continually satisfactory cooling performance
from large generators including electrical utility or like
generators.

It will thus be seen that the present invention pro-

vides a novel cooling arrangement having a number of

advantages and characteristics including those herein
before pointed out and others which are inherent in the
invention. It is anticpated that modifications and
changes may occur to those skilled in the art and that
such changes and modifications may be made to the
form of the invention shown without departing from
the spirit of the invention or the scope of the appened
claims. ' |

I claim:

1. A cooling arrangement for an electrical generator
which includes a stator, a cylindrical opening extending
therethrough, an armature received in coaxially aligned
relation with said stator and mounted for rotation
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within said stator, said stator including a plurality of 45

individual electrical windings each having portions
disposed in slots extrending axially of said stator, a plu-
rality of current-carrying rings arranged in parallel
relation to one another so as to form a cylindrical array
of said rings, said array being disposed at one end of said
stator and aligned coaxially therewith such that said
rings extend circumferentially of said stator opening,
each of said rings being in electrically conductive rela-
tion with an associated electrical winding, each of said
parallel rings being of tubular construction and having a
continuous ring sidewall portion defining an interior
liquid passage, each of said rings also having a-liquid
coolant inlet and a liquid coolant outlet, means for dis-
tributing coolant from a coolant source to each of said

50

93

ring Inlets, means for collecting coolant from each of 60

said coolant outlets for return to said coolant source,
and means for circulating said coolant from said coolant
source to said ring inlets, through said rings, and from
said ring outlets back to said coolant source, at least one

65
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of said rings having at least one means for adjustably
controlling the flow of said coolant within said passage,
said flow control means including an end portion posi-
tionable within said interior liquid passage, cooperating
means on said ring sidewall portion and said flow con-
trol means for positioning said end portion relative to
said liquid passage, and means for securing said cooper-
ating means on said ring sidewall and said flow contrrol
means against coolant leakage and movement relative to
saild ring when said end portion of said flow control
means has been placed in a desired position of use
within said coolant passage.

2. A cooling arrangement as defined in claim 1 in
which at least all but one said plurality of said rings
includes at least one of said flow control means.

3. A cooling arrangement as defined in claim 1
wherein each of said rings includes at least one said
means for adjustably controlling coolant flow.

4. A cooling arrangement as defined in claim 1
wherein said means for distributing coolant comprises
at least one coolant header having its inlet in communi-
cation with a coolant supply manifold forming a part of
sald cooling arrangement.

3. A cooling arrangement as defined 1n claim 1 which
further includes a coolant supply manifold having one
portion thereof connected to said coolant source and
another end connected to a coolant collector manifold,
said supply manifold being in fluid communication with
a plurality of coolant hoses, each associated with a
portion of said stator, said cooling arrangement further
including a coolant supply header and a coolant collec-
tion header, said supply header having a plurality of
lines each extending from said suppy header to an asso-
ciated ring inlet and said collection header having cool-
ant lines extending to it from an associated ring.

6. A cooling system for the parallel conductor rings
of an electrical generator, said system comprising, in
combination, a coolant supply tank, a coolant supply
line, a coolant return line, a plurality of parallel conduc-
tor rings for conducting current generated in the stator
windings of an electrical generator, each of said con-
ductor rings having each of said rings having continu-
ous ring sidewall portion a coolant inlet passage and a
coolant outlet passage, and a interior liquid coolant
passage extending between and joining said inlet pas-
sage to said outlet passage, means for circulating cool-
ant to and from said coolant supply tank; means in com-
munication with said supply line for distributing coolant
from said coolant supply line to said parallel ring inlet
passages and for collecting said coolant from said paral-
lel ring outlet passages, at least one of said conductor
rings having coolant flow control means operatively
associated therewith, each of said coolant flow control
means comprising flow control elements including an
end portion positionable within said interior liquid cool-
ant passage, cooperating means on said ring sidewall
portion and said flow control means for positioning said
end portion relative to said liquid passage, and means
for securing said cooperating means on said ring side-
wall portion and said flow control means against cool-
ant leakage and against movement relative to said ring
when said end portion has been placed in desired posi-

tion of use within said liquid coolant passage.
L x x X * J
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